Abstract: Maxillary lateral incisor agenesis (MLIA) is a condition that affects both dental esthetics and function in young patients, and represents an important challenge for clinicians. Although several treatment options are available, the mesial repositioning of the canines followed by teeth recontouring into lateral incisors; or space opening/maintenance followed by implant placement have recently emerged as two important treatment approaches. In this article, the current and latest literature has been reviewed in order to summarize the functional and esthetic outcomes obtained with these two forms of treatment of MLIA patients in recent years. Indications, clinical limitations and the most important parameters to achieve the best possible results with each treatment modality are also discussed. Within the limitations of this review, it is not possible to assert at this point in time that one treatment approach is more advantageous than the other. Long-term followup studies comparing the existing treatment options are still lacking in the literature, and they are necessary to shed some light on the issue. It is possible, however, to state that adequate multidisciplinary diagnosis and planning are imperative to define the treatment option that will provide the best individual results for patients with MLIA.
INTRODUCTION
Maxillary lateral incisor agenesis (MLIA) is the most common congenitally missing permanent tooth condition in the maxillary anterior region (esthetic zone), representing approximately 20% of all dental anomalies [1] [2] [3] . It has been found to be more prevalent in females [2, 4, 5] , and bilateral MLIA are more frequently reported than unilateral cases [6] . Largely, dental agenesis has been attributed to genetic factors [7] , but they may also be caused by environmental factors such as dentoalveolar traumas [8] , or radiation therapy [9] [10] [11] . The susceptibility of maxillary lateral incisors to dental agenesis has been associated with their anatomical position in the maxillary arch and also the fact that they are the last teeth to develop in their respective classes [3] .
Patients with MLIA are frequently confronted with functional and esthetic problems at a young age, which may affect their self-esteem and social relationships [1, 12] at a sensitive period of their lives (adolescence) [13] . Restoring a balanced dentition requires the formulation of a comprehensive treatment plan. Establishing optimal esthetics, function, and periodontal health in patients with MLIA is a complex and challenging process, which demands the interaction of several dental specialties [3, 14] . Ideally, the treatment of choice should be the least invasive option to satisfy the expected functional and esthetic objectives [15] .
Among the options available to the clinician are the possibility of space closure with mesial repositioning of canines, followed by teeth recontouring; or a combination of space opening and prosthetic replacement of the missing lateral incisor [14] [15] [16] [17] [18] . Different restorative approaches may be employed in the agenesis area, such as resin bonded fixed partial dentures (FPD), cantilevered FPDs, and conventional full-coverage FPDs. A recent study that assessed five treatment alternatives for maxillary lateral incisor agenesis where space maintenance and tooth replacement were indicated ranked in the following order from most to least costeffective: autotransplantation, cantilever FPDs, resin-bonded FPDs, single-tooth implants and implant-supported crowns, and full-coverage FPDs [20] . However, the primary consideration when deciding which option to choose is the conservation of tooth structure [19] . Other factors such as patient age, the state of the dentition, and occlusion should also influence the choice of the restoration [20] . A recent systematic review performed on the issue [21] , concluded that no evidence at this point in time exists for recommending or not recommending one treatment approach for MLIA cases over the other. Thus, clinicians should treat MLIA patients with extreme caution based on their own clinical skills and experience, the clinical conditions of each patient, and patients' expectations [21, 22] . Although either treatment approach may be used to achieve predictable esthetics, function, and longevity, if a particular treatment option is not adequate to the individual patient, the final result might be less than ideal.
The aim of this narrative review of the literature was to describe and discuss the functional and esthetic parameters of patients with MLIA treated either with implants or space closure and teeth recontouring, in order to guide clinicians in their decision making process for the best treatment option with predictable results.
DEVELOPMENT
A summary of the main parameters involved in the treatment of MLIA patients with space closure followed by teeth recontouring and space opening-maintenance and restoration with implants are displayed in Table 1 .
Space Closure and Canine Recontouring
The treatment of patients with MLIA with orthodontic space closure for the mesial repositioning of the canines and their posterior recontouring into lateral incisors is generally indicated for young patients with malocclusions Class I or II without severe crowding, a balanced or mild-convex profile, and canines of adequate size and shape to be transformed into lateral incisors without the excessive exposition of dentin during the reduction of the cusp and mesiodistal dimensions, and the flattening of the buccal face [14, 23] . In a recent clinical trial, the majority of patients with MLIA were reported as presenting malocclusion Class II, which is a predisposing factor for the mesial positioning of permanent maxillary canines [19] . In relation to the size of teeth, it has been described that in most MLIA cases, it is common for patients to present smaller teeth than patients without agenesis [24] . According to Fekonja (2013) , the reduction in mesiodistal dimensions of teeth of agenesis patients may range from 5-15.5% in males and 3-15.5% in females [25] . All these characteristics favour the indication of the treatment with space closure and teeth recontouring.
Due to differences in size, shape and appearance between lateral incisors and canines, different procedures may be indicated to achieve best treatment results [16, 26] . In relation to shape, lateral incisors are incisiform, with smaller, flatfaced teeth, when compared to the sharp, pointed, and coneshaped canines [27] . This difference should be partially compensated during orthodontic treatment by reducing canine eminence with increased palatal root torque, and the extrusion of the tooth together with its gingival margin [23, 28] . In relation to size, the cusp and the mesial and distal dimensions of the canines should be reduced before beginning the orthodontic treatment [29] . Finally, canines are normally darker than lateral incisors, and bleaching procedures may be performed to mask differences in color before final teeth recontouring with composite resin [16, 22, 29, 30] .
From a functional standpoint, it has been believed for many years that the ideal treatment of MLIA cases would have to result in an Angle Class I molar relationship [31] . The lack of a canine-protected occlusion would also be a disadvantage in cases treated with space closure, which could eventually lead to the occurrence of cervical abfractive lesions in premolars [23, [32] [33] [34] . Abfractions, as defined by Grippo (1991) , are the result of stresses produced by biomechanical loading forces and exerted on the teeth. These forces may be static, as in swallowing and clenching, or cyclic, as in chewing. As a result of the stress caused by static and cyclic forces, both enamel and dentin may chip or break away. How this type of loss of tooth substance manifests depends on the magnitude, duration, direction, frequency, and location of the forces. Abfractive lesions are caused by flexure and ultimately material fatigue, which may affect susceptible teeth even at locations on the dental arch that are distant from the point of loading [35] . However, previous prospective clinical studies have demonstrated that the premolar can be considered a suitable replacement for the canine [1, 31, 36, 37] . In agreement with Robertson & Mohlin (2000) [1] , a recent clinical study, showed that no differences in occlusal function, prevalence of cervical abfraction, or signs of TMD symptoms were present in patients treated with space closure and recontouring of the canines [18] . Additionally, the same clinical study also reported that in the majority of cases treated with space closure, canine disclusion (by premolar) was present, and neither canine nor group disclusion were found to be related with TMD [18] , corroborating with previous studies [1, 38] .
In relation to general esthetics, an important point of concern in the reestablishment of a pleasant smile is the width/length ratio of the anatomic crown. This is particularly important in case of patients treated for MLIA, especially when the treatment consists of mesial repositioning of the canines with their posterior recontouring into lateral incisors, as the size of the canine will define the size of the future lateral incisor [39] . In a recent study, found that patients with bilateral or unilateral MLIA treated with teeth recontouring did not present the same proportionality between the apparent width of the teeth in the smile (central and lateral incisor -lateral incisor and canine) when compared with a control group of patients without agenesis [39] . Teeth width and height of patients treated with recontouring were found to be larger than those of patients without agenesis [39, 40] . According to the authors, this was attributed to the fact the orthodontic treatment and the conversion of the canines into lateral incisors usually requires the recontouring of other anterior teeth, such as the central incisors, in order to obtain better harmony of the smile [41, 42] .
Moreover, recent studies [40, 43] have also shown that patients treated with canine recontouring presented the zeniths of the replaced lateral incisors predominantly coincident or above the reference line from the zenith of central incisors to canines (Fig. 1) . This was explained by the difference between the gingival margin of canines and premolars, in comparison to the teeth they are replacing; the lateral incisors and canines, respectively. In addition to recontouring, it is necessary to orthodontically extrude the maxillary canine and intrude the premolar in order to establish the naturally appearing high-low-high marginal gingival contours of the maxillary anterior teeth [44] . However, some studies have shown that reestablishing the gingival zenith agreeing with the pattern proposed in the literature may not always be possible [27, 40, 43] .
Nonetheless, when laypersons and dentists assessed the attractiveness of the smile of patients with MLIA treated with canine recontouring or implant-supported prosthesis in comparison to untreated controls, using photographs of the lower third of the face, no significant differences were found among any of the groups, suggesting that the treated smile did not have any negative influence on the esthetic Long-term follow-up -Natural dentition is maintained;
-Alveolar bone height maintained;
-Anterior teeth may reopen after space closure, however, this may be avoided with a long-term fixed lingual retainer.
-Implants cannot change position. Over time, with the normal changes in occlusion and alveolar bone patterns, implant crown might become more infraoccluded and protrusive.
Occlusion Group disclusion pattern. Possibility of ideal intercuspidation with canine-protected occlusion.
Periodontal parameters
Patients do not present periodontal complications due to the maintenance of the natural dentition
Higher prevalence of gingival inflammation, increased probing depths and lack of dental papilla Gingival architecture -Gingival zenith after space closure may not accomplish the ideal esthetic parameters when the orthodontic treatment is not adequately performed.
-Implants may provide ideal papilla filling and gingival zenith. However, these may change over time.
-The progressive loss of marginal bone may result in gingival discoloration and exposure of implant abutment, which may compromise esthetics.
Tooth proportion -Canine recontouring results in lateral incisors with altered width-height ratio in comparison with natural lateral incisors.
-The width of the agenesis area can be orthodontically adjusted. However, patients may present implant supported crowns higher than natural lateral incisors. The height of implants will be determined by the level of the crestal bone and keratinized gingiva preference of the evaluators [45] . In another study, however, when intrabuccal pictures of patients were used in a similar analysis, dentists and laypersons rated smiles of patients with MLIA treated with canine replacement as more attractive than those with dental implants [41] . Irrespective of the treatment option for MLIA patients, symmetry [46, 47] , and absence of diastema in the smile [47] are the parameters most highly ranked by laypersons and professionals (orthodontists and dentists) when assessing smile attractiveness.
It has also been found that patients treated with canine recontouring are more satisfied with the appearance of their smile than patients treated with implants [45] . The reason for that may be in the fact that patients that choose space closure with posterior recontouring of canines into lateral incisors keep their natural teeth in the anterior region instead of receiving prostheses. Additionally, the extended period usually needed to complete facial growth before implant may be inserted, and the additional waiting period for the placement of a definitive prosthesis over the implant, may also have been considered a disadvantage by young patients who completed orthodontic treatment [42] .
Implant Supported Restorations
The treatment of MLIA patients with implants is considered an innovative, more conservative approach, which preserves the morphological features of canines and first premolars, as there is no need to reshape sound adjacent teeth [3, 17, 22, 48, 49] . The literature presents predictable long-term results of MLIA patients treated with implants [3, 22, 50, 51] . In general, the treatment requires space for prosthetic tooth replacement should be orthodontically opened to achieve the adequate space for implant placement. This procedure is often considered advantageous because it permits the maintenance of the canine in its natural position within the dental arch, preserving the ideal intercuspidation (Class I relationship), and a canine-protected occlusion [16, 17, 36] . However, in the long-term, it is not possible to estimate when, to what degree, or in which patients changes in the soft and hard tissues, which could impair patient's esthetics, will occur around implant-supported crowns [44, 52] . Faced with this problem, Zachrisson et al. (2011) advocated that, if the treatment plan for young patients includes space opening, it might be preferable to open the space later and place implants in the premolar areas [44] .
Space opening for treatment with implants is indicated for patients whose upright maxillary incisors need to be protruded, or tipped labially, to help correct anterior crossbite or to gain upper lip support [16] , and to obtain or maintain Angle Class I. Additionally, teeth adjacent to the MLIA should have parallel roots when implants are considered [16, 17, 50] , and implant placement should only be performed after complete facial growth, at around 18-19 years for women and 20-21 years for men [22] . In general, due to the long time required for the treatment with space closure and recontouring of canines, adult patients generally opt for the treatment with implants [18] . For optimal implant placement, it is crucial to create an adequate orthodontic implant site in relation to the space needed, both coronally and apically [53] . Moreover, the dimension of the alveolar ridge, the gingival margin, and the papilla fill are also important aspects to be considered before implant placement [22, 53] . The space needed coronally, that corresponds to the space of the lateral incisors to be replaced by the prosthesis, may be determined by measuring the contralateral tooth or, when absent or in a peg-shaped form, based on esthetic proportions, such as the Golden Proportion or the Bolton Analysis [3, 22, 48, 54] . Whatever the situation, the diagnostic wax-up is regarded as the most predictable means to assess the required optimal space [50] . In general, the width of a lateral incisor is about 6-7 mm, which coincides with the minimal mesiodistal space required for a single-tooth replacement. At least 1.5 mm between the implant platform and the adjacent teeth is required for the development and preservation of the papilla [50, 54] . In the apical region, a minimum of 5 mm is generally necessary to provide sufficient space for a 3.5 mm implant.
Without the development and eruption of a permanent lateral incisor, the osseous ridge in the agenesis area is typically deficient. The ideal condition, to develop a proper alveolar site with adequate bucopallatal dimension to replace the absent lateral incisor with an implant, is when the permanent canine erupts mesially next to the central incisor [22, 48, 54] . After eruption, the canine can be distalized orthodontically and, therefore, establish a proper buccopalatal alveolar ridge width [53] . Even in this ideal condition, however, changes at the implant site may occur after space opening. Uribe et al. (2013) reported a 17-25% decrease in bone width at the most coronal measurement of the ridge after space opening, resulting in a reduction of approximately 1.1 mm [55] . In contrast, according to Nová ková et al. 2011, the bone resulting from distalization of the canines in the edentulous site was found to be relatively stable, both horizontally and vertically, over 5 years. The authors reported bone width reduction of just 5% [51] .
The gingival contour and interdental space filling with papilla comprise important aspects in the esthetic perception of the smile [27] . In general, in implant treatments, these aspects are related with the implant position in regard to the gingival margin. In adult patients, the alveolar bone is usually positioned 2 mm apical to cementoenamel junction, which favors implant placement. In younger patients, however, the alveolar bone is frequently at the level of the cementoenamel junction, which requires the performance of periodontal surgical procedures [53] . In relation to the gingival papilla, space opening is more predictable in young patients. The orthodontic movement provides the formation of two papillae, which will be located at the mesial and distal sides of the implant [54] . Concerning the gingival architecture and the composition of the gingival zenith, the treatment of patients with MLIA with implants showed better results when compared with patients treated with space closure and canine recontouring (Fig. 2) [40, 43] . However, progressive infraocclusion in the implant area can occur after some years because of the continuous eruption of adjacent teeth, even in adults and elderly patients [44] .
For a long time, the treatment of patients with MLIA with the mesial repositioning and recontouring of the canine was considered the healthiest approach relative to the periodontal status [17, 36] . As a matter of fact, it has been reported that implant-supported crowns replacing maxillary lateral incisors have shown increased gingival inflammation, increased probing depths, bleeding on probing, and lack of interdental papilla when compared with contralateral natural teeth [56] . In the most recent study evaluating these parameters, which compared patients with MLIA treated with implants or with space closure and canine recontouring with patients without agenesis, it was found that the treatment with implants showed the most significant papilla index alterations; a result that was expected due to the required longterm recontouring of the surrounding soft tissue [57, 58] Another possible outcome with the implant technique is the progressive loss of marginal bone support at the buccal aspect of the implant [52] . This ongoing buccal bone resorption can result in discolored soft tissue, gingival retraction, and abutment exposure [22] . However, with the use of switch-design implants with narrow diameters or platforms, the effects of bone remodeling may be minimized [59] . Besides, with the new advances in customized zirconia components, all-ceramic implant-supported restorations may be used to replace absent lateral incisors, reducing the esthetic impact in cases the tissue around implants shift positions over time [22] .
From an esthetic point of view (Fig. 2) , patients treated with implants presented similar mean teeth width values, but divergent height values when compared to patients without agenesis [39, 40, 43] . This is due to the natural limitation of the implant technique, in which the height of the implant will be determined by crestal bone level and the thickness of keratinized tissue of the gingiva around the implants. These aspects may vary depending on several different aspects such as the type of platform or abutment, the relationship between implant and adjacent teeth, the location of the implant/abutment junction, gingival biotype, among others [60] . As a result, implant crown height may not always be reestablished proportionally to the width of the agenesis area [39, 40] . Although MLIA patients treated with implants present narrower teeth, it has been reported that they finish their treatment with a more proportional smile than patients treated with canine recontouring, closer to the Golden Proportion [40] .
Recently, De-Marchi et al. (2014) found no differences between laypersons and dentists evaluations of the smile of patients treated either with implants or tooth recontouring in comparison with healthy controls [45] . According to the authors, the result indicated that both treatments were capable of achieving esthetic results similar to the untreated dentition. However, some authors have suggested that some aspects such as infra-occlusion of the implant, loss of papilla, and color changes can affect the perception of smile attractiveness over time [1, 56, 61] .
CONCLUSION
This narrative review summarized the most significant parameters involved with two of the main and wellestablished treatment options for patients with the congenital absence of maxillary lateral incisors, and discussed their indications and limitations. It is not possible to assert at this point in time that one treatment approach is more advantageous than the other. Long-term follow-up studies comparing the existing treatment options are still lacking in the literature, and they are necessary to shed some light on the issue. It is possible, however, to state that adequate multidisciplinary diagnosis and planning is imperative to define the treatment option that will provide the best individual results for patients with MLIA.
